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the future of the Virus Diagnostic Laboratory when it 
will be an indispensable laboratory tool for clinicians. 
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Respiratory infections constitute the commonest cause of 
acute illness in man. The National Health Survey has estimated 
that more than 215 million respiratory illnesses occur each year 
at a rate of 1.25 illnesses per person per year and that they 
are responsible for over $0 per cent of the acute conditions 
suffered by the citizens of the United States (U8). Among chil¬ 
dren acute respiratory illnesses assume a special clinical sig¬ 
nificance not only because of the high morbidity but because of 
the frequent severity of the symptoms, especially when a dramatic 
clinical manifestation such as croup occurs. The proportion of 
common respiratory infections due to viruses greatly exceeds that 
due to bacteria. Various studies indicate that approximately 90 
per cent are non-bacteria, and therefore, unaffected by antibi¬ 
otics. The specific etiology of respiratory infections remains, 
therefore, of great clinical interest, in terms of classification 
of illnesses, rational treatment and of possible future preven¬ 
tive measures. 
The purpose of the present study is to review the over-all 
pattern of respiratory infections in terms of clinical as well as 
laboratory findings in light of the rapidly accumulating informa¬ 
tion on the viral agents associated with respiratory infection. 
The observations reported in the present paper were made in 
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children hospitalized with acute respiratory illnesses at the 
Grace-New Haven Community Hospital (G-NHCH) from June, 1961, 
through December, 1963* The cases studied were selected on the 
basis of the clinical diagnosis as one of the following syn¬ 
dromes: 1. bronchiolitis; 2. croup; or 3. pneumonia. Each clini¬ 
cal syndrome was further subdivided into those cases from which 
viral agents were isolated and from those where no viral agents 
were recovered. Some of the cases from the two subgroups yielded 
bacterial pathogens. Attempts were made to observe any possible 
role of bacteria in those cases of dual infection with viral 
agents. It was hoped that the present analysis of the clinical 
and laboratory data in children with acute respiratory infections 
would shed further light on this clinically oommon yet etiologi- 
cally complex problem. 
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REVIEW OF LITERA.TURE 
Our present knowledge concerning the respiratory infections 
of bacterial origin is reasonably well defined and their clinical 
management is facilitated by the appropriate use of chemothera¬ 
peutic agents, but until recently there was relatively little in¬ 
formation concerning the non-bacterial pathogens of the respira¬ 
tory tract and their mode of behavior in the pathogenesis of 
respiratory illnesses* As late as 191+7> Rabe (92), in reviewing 
the etiology of infectious croup, postulated that 86 per cent of 
the 3U7 cases studied were of non-bacterial cause, or of "viral” 
etiology, and that these non-bacterial agents could not be eluci¬ 
dated until better techniques for their detection were designed. 
Dingle and co-workers in 19U9 (32) could assign a specific etiology 
to only 3 pen cent of the total respiratory illnesses occurring in 
Cleveland families, despite surveillance for pathogenic bacteria 
and influenza virus. Stuart-Harris (107) in his book entitled 
Influenza and Other Viral Infections of the Respiratory Tract 
pointed out that the causes of the majority of human respiratory 
illnesses still remained to be found. He divided these still un¬ 
differentiated illnesses into ’’febrile catarrh" or acute respira¬ 
tory disease (ARD), non-bacterial pneumonia, and the "common cold"; 
the causes to be found presumably were the viruses of febrile 
catarrh, of primary atypical pneumonia and of common cold. 
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In recent years there has been an increasing interest in 
the viral etiology of respiratory infections. With the develop¬ 
ment and widespread use of tissue culture methods, an increasing 
number of "new” viral agents have been discovered and associated 
etiologically with respiratory illnesses. By using the hemadsorp¬ 
tion technique originally described by Vogel and Shekokov (113), 
a new spectrum of viruses has been added to this growing list. 
What are sons of the recently uncovered viral agents which 
have been commonly associated with respiratory infections in chil¬ 
dren? These include the iryxoviruses (except for influenza virus 
discovered in 1932), adenoviruses, respiratory syncytial (RS) 
virus, reoviruses and even the enteroviruses. Of the n^mcovirus 
group, the influenza viruses generally appear during large epi¬ 
demics, whereas at other times the parainfluenza and others are 
commonly encountered in sporadic cases or waves of respiratory 
disease in children. 
1, Parainfluenza Viruses - Types 1, 2 and 3 
The first isolation of the parainfluenza virus group was 
the Sendai virus now designated as parainfluenza type 1. This vi¬ 
rus was originally isolated in mice inoculated with autopsy speci¬ 
mens from a newborn with pneumonia in 195>3 in Japan (73). The 
significance of this isolation has been in question, since mice 
in Japan as well as in China are commonly infected with this virus 
(Ul,21). 
Parainfluenza type 2, the croup associated (CA) virus, was 
isolated from throat swabs of children with infectious croup by 
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Chanock in 1955 (16,17). Subsequently Crairiblett (2?) reported 
the isolation of a viral agent similar to the CA, virus from an 
infant -with croup in 1958. In the same year Beale et al (U) re¬ 
ported isolation of similar agents in Toronto in 10 of 15 children 
with croup. 
Using the hemadsorption technique, Chanock and his group 
reported the isolation of two new mvxoviruses, initially termed 
type 1 hemadsorption (HA) and type 2 HA* from nursery school 
children with acute febrile respiratory illnesses (20). The same 
group further reported (2U) on the results of a more extensive 
study involving 1,738 children in Washington, D.C. Both HA types 
1 and 2 viruses (para-3 and -l) were recovered, almost exclusive¬ 
ly from patients with respiratory disease, again suggesting that 
these agents play an etiological role in respiratory illness. 
Since the results obtained by Chanock’s and his associates’ 
studies (2U,89), there have been several reports implicating vari¬ 
ous types of parainfluenza virus with croup. Vargosko (110) in 
his study of U? children with croup reported that parainfluenza 
type 1 was recovered from 12 of the 16 croup cases with positive 
virus isolations. The remaining h virus positive cases yielded 
parainfluenza types 2 and 3> adenovirus type 1 and adenovirus 
type 5. In the same study serologic evidence of infection with 
Type 1 HA virus and type 2 HA virus were renamed para- 
infiuensa - 3 and parainfluenza - 1 respectively in 1959 (3). 
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parainfluenza type 1 virus was found in 36 per cent of all pa¬ 
tients with croup, and Asian influenza A was associated with 55 
per cent of all patients with croup studied during the Asian in¬ 
fluenza epidemic, and 19 per cent through the years. The associ¬ 
ation of parainfluenza viruses and croup was also reported by 
Kim (75) and by McLean (82,83)® In the latter studies parainflu- 
enza-1 was the dominant iryxovirus during winters of both 1960-61 
and 1961-62, but it was not isolated during late spring or summer 
2. Adenoviruses 
Adenoviruses were originally isolated from fragments of 
surgically removed human adenoids, initially reported by Rowe et 
al in 1953 (102), but the relation of adenovirus to respiratory- 
disease was not then known. Hilleman and Werner in 195U (53) iso 
lated an agent from army recruits sick with an influenza-like ill 
ness, which proved to be similar to that isolated by Rowe. The 
importance of the etiological association of adenovirus infection 
with acute respiratory disease and non-cold agglutinin-developing 
atypical pneumonia in military recruits has been well elucidated 
by several investigators (U9j60,6l). During early studies adeno¬ 
viruses had been isolated from sporadic cases of pneumonia in 
children (76,105,106)» Subsequently there have been several re¬ 
ports of fatal cases of pneumonia in children with the recovery 
of adenovirus from the lungs (25,3162). Fatal cases of pneumonia 
in children attributable to adenovirus infection have now been 
reported in the United States, England, France, Holland, Japan, 
and China (108). Benyesh-Melnick and Rosenberg reported the 
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isolation of adenovirus type 7 from a five month old infant with 
a fatal case of pneumonia (8). The virus was isolated in high 
titers from the lung, kidney, spleen, liver, as well as from the 
antemortum serum sample. In some cases of adenoviral pneumonia, 
a morbilifcrm rash has been observed as it was the case in the 
study by Benyesh-Melnick and Rosenberg. It may be also of inter¬ 
est to note that nephritis and rash have been associated with 
adenoviral infection of the upper respiratory tract in children 
and adults (25,UU,108). 
The frequency of infection and illnesses associated with 
adenoviruses has been studied by several investigators (6,7,68, 
69,70,111,115). In a three-year study period, Vargosko et al 
(111) reported that some of the syndromes associated with posi¬ 
tive adenovirus isolations in the children with respiratory symp¬ 
toms were bronchopneumonia, bronchitis, bronchiolitis and croup. 
The adenovirus types recovered were types 1, 2, 3, 5 and 7. 
There was no correlation between individual adenovirus type and 
clinical syndromes among this study group. 
3. Respiratory Syncytial Virus 
In 1956 Morris and his co-workers described the first re¬ 
covery of the respiratory syncytial (RS) virus, initially termed 
chimpanzee coryza agent (CCA), isolated from the respiratory 
tract of chimpanzees with acute respiratory illness and from a 
laboratory worker who had been in contact with these animals (85). 
Chanock and his group reported (23) recovery of a similar virus 
from an infant with pneumonia and from another infant with croup 
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in Baltimore, Md., and showed antibody increases among persons 
with respiratory illness as well as among controls. Since that 
time, studies carried out by several groups of investigators in 
Washington, D.G. (22,71*88), Philadelphia (U5*5l,8l,97), and 
Chicago (5*U6), and elsewhere have provided evidence for the etio- 
logic role of the RS virus in respiratory diseases of childhood. 
Numerous studies reported within past year’s indicate that RS vi¬ 
rus is probably one of the leading causes of respiratory tract 
illness in early childhood. 
As those observed with the parainfluenza or adenovirus ill¬ 
ness, infections with RS virus do not present a single clinical 
syndrome. Instead, the symptoms and signs are referable to all 
segments of the respiratory tract. The syndromes with which RS 
virus has been associated are acute upper respiratory illness (URI), 
bronchitis* bronchiolitis, bronchopneumonia and, rarely, croup. 
Collaborative studies carried out at the Children’s Hospital of 
Philadelphia and the laboratories at the Merck Institute for Thera¬ 
peutic Research yielded information on these clinical manifesta¬ 
tions of the RS infection (U5*5l,81*97). 
Chanock et al (22) reported the findings from over a two- 
year study period at the Children’s Hospital of the District of 
Columbia on the evidence for the etiologic association on RS vi¬ 
rus and respiratory illness. The virus was recovered significant¬ 
ly more often from infants and children with respiratory illness 
than from controls free of such disease. The most striking as¬ 
sociation of RS infection with illness was observed in young 
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infants with bronchiolitis or pneumonia where the virus recovery 
rates were 39 and 23 per cent, respectively. Additional evidence 
associating RS virus with lower respiratory tract illness was 
provided during an outbreak of infection in a Washington, D.C. 
welfare nursery, reported by Kapikian et al (7l)» A total of UO 
per cent of the nursery inhabitants developed a febrile pneumonia 
during a period extending 19 days and an analysis of the virus 
recovery data indicated that RS virus was etiologically related 
to such illness. 
1;. Enteroviruses 
Another major group of viruses which plays an important 
role in clinical illness, generally non-respiratoiy, however, is 
the enterovirus group. Although the association of the enterovirus 
group with respiratory illnesses has not been as extensively studied 
as the association of the myxovirus or adenovi rus with this type of 
illness, nevertheless, in assessing viral etiology of respiratory 
infections, this group ought not to be overlooked. Although en¬ 
teroviruses are known to be associated with undifferentiated feb¬ 
rile illnesses during the summer in temporal association with out¬ 
breaks of enteroviral infections, they have not been associated 
with lower respiratory tract diseases except in rare instances. 
Lerner and associates recovered Goxsackie A-9 virus from the lung 
of a 16-month-old girl who died of pneumonia (80). In an out¬ 
break of Coxsackie B-£ virus infections, Siegel and his co-workers 
isolated this virus from a single stool specimen in a 1-year-old 
boy with pneumonia (1010. Vargosko and associates reported the 
o 
... . - r ' t. id ' j 
• tJi F 
■ L'J£ i ' in -.-j :v {Id co 6sb 
. . , ■ 
.(IV bCrqjs '' . ■ si 
3xxi( i &■ : ■■ ' Isvab a ii href tax ■: - - d 
3SJi r i d a :b Is s jbJo -r :iiiE©d o i 
;r ^XOsoir. I olds s aw e i£x • is t fcateoirjtei rf sb Tptsnrc/oei 
. 
: . f 
■v ■ - :-xc • mix • & 3 ;,Blq o ,.r s i±v - ; era: •: . . ■: 
. ■■ ■ . rsri 3 - ( t2i I ffi - 
SB . 
. ‘ .' )d i season I! ' Ltqsera rffi qsjoi 
r& : t ti f '• nr a : i sinh sx <tc■ ' . • a ref co e J- g - 
r.r t- ■ ‘lx 
- u 
. 3 
X ri . - 
. ,' ' ' of fen ■ ■ S.f ' t ; . Ed', 
r.f - ■ ' !:bctu : fr t ■ li rt 
oifi oo } 3 r • coq. of c v ■■ ; • so si li lxi 
;o sob xeecf fon svsxf vortf . i 9 al ■ si ■ a • i 
ani >ii fqe< as o< fox-:id ■ rs ■ • r: rol 
/ - 3 
. . - - 
. ' ’ 
6 9 I I [Is ssxrxl I03X 
1 ‘ 
10 
relation of Coxsackie B-5 virus to respiratory diseases in chil¬ 
dren (112). Five per cent of 118 children hospitalized with 
respiratory illnesses yielded Coxsackie B-5. The illnesses in¬ 
cluded bronchiolitis., pneumonia and bronchitis. However, the 
same virus was also isolated from 5 per cent of children without 
respiratory illness, thereby indicating that lower tract illness 
was probably not caused by Coxsackie B-5 virus. 
Although Coxsackie A-21 virus has been implicated with 
mild coId-like illness, reported outbreaks of infection have been 
limited to young men undergoing military training and it does not 
seem at present to play a role in the respiratory illness of child¬ 
hood (13,66). 
Philipson (91) has reported recovery of U-virus (ECHO-11) 
from children with croup. Virus was isolated more frequently from 
the throat than from the feces. Confirmation of these results is 
necessary before this virus is considered to be an etiologic agent 
of croup. 
Echo 20 was recovered from both throat and rectal specimens 
of children in an orphanage. The original papers by Gramblett 
(29,30) indicated a close temporal relation between virus isola¬ 
tion and the onset of cold-like illnesses with low-grade fever in 
the infected children. However, more definitive evidence for an 
etiologic association between ECHO-20 infection and mild illness 
needs to be established at present. 
Reovirus group, one of which was formerly known as Echo-10, 
has been recovered by Rosen and co-workers from children in an 
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orphanage during an outbreak of infection (100). Virus isola¬ 
tion was statistically associated with mild, febrile respiratory 
illnesses. 
As can be seen from these numerous reports on virus isola¬ 
tion studies, discovering and defining the etiology of acute 
respiratory disease lias become conplex with the multiplicity of 
agents which it is now possible to uncover with modern tissue cul¬ 
ture techniques. After an agent is "discovered” and the range of 
diseases in which the agent can pla3^ is "defined,n the relative 
contribution of this particular agent in a given clinical mani¬ 
festation needs to be elucidated. Also, it has become almost 
sine qua non that epidemiologic patterns apply only for the time 
and place of study. Therefore, an agent which is prevalent at 
one time may not be so at another. The pattern of contributing 
role each viral agent plays in a given illness is a fluctuating 
one. Numerous reports on the surveillance for viral agents in 
respiratory infections have been published in recent years (6,i|2, 
U6,5U*73*99*ll6)• These reports substantiate the observation that 
the importance of certain respiratoiy viruses varies when studies 
are conducted in different localities and in different years. 
With this wealth of newly accumulated knowledge, there is 
emerging a new concept of viral infection and its clinical mani¬ 
festation. Whereas the old concepts were based on a specific be¬ 
havior of certain viruses such as the measles virus causing the 
measles syndrome or variola virus causing the smallpox syndrome, 
the newer idea is based on the observation that a number of 
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different "respiratory disease viruses” can cause a number of 
clinically distinct illnesses. Conversely, a virus which may 
cause predominantly non-respiratory illness can sporadically 
give as a primary clinical manifestation a respiratory illness. 
'io ,v -dir ;n & srurr.o , n :3‘ . j : \v al I •• ’.dt" ■ 
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MATERIALS AND METHODS 
Clinical Data 
The observation of the respiratory infections in the present 
study extends from June, 1961, through December, 1963. All the 
hospital charts on the cases from whom viral agents were isolated 
were carefully reviewed, including the laboratory data such as 
routine blood count and bacterial cultures of the nose, throat, 
and blood. All of the bacteriological procedures were performed 
by Mrs. Mildred D. Fousek, who was responsible for the bacterio¬ 
logical tests done in Rabe’s study during 1937-U6 (92-9U) and also 
in Hartmann’s work for 19U7-57 (U7). Identification of bacteria 
was made on the basis of colony appearance, stained smear, and 
in the case of H. influenza type B, by serological technique. 
(Quelling test). 
Cases were categorized as bronchiolitis, croup or pneumonia 
according to clinical features as well as roentgenographic studies 
diagnostic of each of the clinical syndromes chosen for study. 
The clinical definition of croup as described by Rabe was used in 
the present study. All cases of bronchiolitis and pneumonia had 
X-ray studies. Bronchiolitis was diagnosed when, aside from the 
characteristic clinical signs of obstructive emphysema, there was 
also a characteristic X-ray finding of hyperaeration with a flat¬ 
tened diaphragm without any infiltrate. Pneumonia was diagnosed 
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whenever there was any X-ray finding of pneumonitis, either lobar 
or peribronchial interstitial infiltration. 
A total of 297 cases were studied; this included bronchio¬ 
litis, croup or pneumonia. Specimens from these 297 patients were 
received by the 'Virus Diagnostic Laboratory of the G-NHCH for 
viral studies. Clinical records were available on Ip. of the U3 
cases from whom one or more viral agents were obtained. In addi¬ 
tion, a selected period, September, 1962, to September, 1963, was 
arbitrarily chosen. Records of all cases with a presumptive diag¬ 
nosis of bronchiolitis, croup or pneumonia during this one-year 
period were studied even though the viral studies failed to reveal 
any agent. There were 13U cases in the latter group, and records 
were available on 122. Only 107 of the 122 cases were chosen for 
this stucty since the others did not fit into the clinical cate¬ 
gories listed. 
Virological Studies 
Standard laboratory procedures for virus isolation and sero¬ 
logic techniques were used (39 )» Isolation tests were performed 
in the Virus Diagnostic Laboratory. Clinical specimens included 
nose, throat and rectal swabs and feces. Specimens were collected 
from patients admitted to the hospital with respiratory infection 
and were stored at U°G in Hank’s balanced salt solution contain¬ 
ing 0.3 per cent gelatin and antibiotics (penicillin and strepto¬ 
mycin). Specimens were inoculated into tissue cultures within 2l|. 
hours, if possible. Acute-phase serum samples were collected and 
were stored at -20°c. Convalescent phase sera were collected, 
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preferably two to four weeks after onset of illness, although in 
some cases the intervals were shorter. 
Tissue Cultures. Rhesus monkey kidney (MK) tissue culture 
monolayers were used routinely for virus isolation. These were 
prepared by the standard methods i.e., primary trypsinized MK 
cells grown in stationary tubes in a medium consisting of Hank* s 
balanced salt solution with 2 per cent calf serum and 0.5 per 
cent lactalbumin hydrolysate. In addition, Hep-2, human kidney 
and human amnion cells were used as well as embryonated eggs; the 
latter was used especially when influenza virus infection was sus- 
pected. For hemadsorption test, rhesus MK tissue cultures were 
maintained in Earle’s special balanced salt solution containing 
0.07 per cent NaHCO^ (pH 6.8-7.0) and 2 per cent ultra-filtered 
fetal calf serum (lilt). 
Virus Isolation and I dent if i ca ti on. Inoculum was extracted 
from the swab by washing with the Hank’s balanced salt solution 
and centrifugation at 3,000 rpm for 30 minutes, the supernatant 
fluid then being inoculated in 0.2 ml amounts into each of the 
above culture tubes. The tubes were incubated at 36°C, Cyto- 
pathic effect (CPE) was checked at 3, 5 and 7 days post-inocula¬ 
tion. When there was CPE, the culture fluid was harvested and 
subcultured into respective types of cells for further identifi¬ 
cation. For detection of myxovirus, one tube (MK with Earle’s 
special solution) was tested on the lyfch, 7th, and 10th day for the 
presence of hemadsorption phenomenon by addition of 0.2 ml. of 0.5 
per cent fresh guinea pig red cells followed ’ey Incubation at 
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U°C for 20 minutes as described by Ohanock _et al (20). 
T/DJien an isolate obtained in the MK tissue cultures ?ra.s--sus¬ 
pected to be an enterovirus, neutralization tests were set up 
against appropriate pools of hyperimmune monkey antisera for polio¬ 
virus, Coxsackie or ECHO viruses. As an additional aid to iden¬ 
tification and recognition of virus mixtures in dealing with un- 
typable agents, plaque morphology and host cell spectra have been 
used for preliminary grouping prior to serological identification. 
"When there was a positive hemadsorption test, identifica¬ 
tion of the isolates was made either by hemadsorption-inhibition, 
hemagglutination-inhibition and/or neutralization tests using 
type-spe cific antisera. 
Adenovirus was tentatively diagnosed by the characteristic 
CPE in tissue cultures, especially in Hep-2 cell lines. Culture 
fluid from the tubes with such CPE was harvested after freezing 
and thawing and the preliminary grouping was accomplished by the 
complement-fixation test, using a human reference serum. Final 
identification of specific adenovirus types was made by neutraliza¬ 
tion tests in tissue culture. 
Antibocfy- Determinations. Antibody studies were carried out 
whenever paired sera were available. This was to confirm a specif¬ 
ic infection where a virus had been isolated and also to detect a 
rising antibody titer in cases where there was no virus isolation. 
Paired sera from the cases of respiratory infection were 
tested for antibody response against parainfluenza types 1, 2, 3f 
DA, mumps and Influenza types A and B. Hemagglutination- 
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inhibition (HI) tests were performed in polyethylene panels by 
methods described by Hsiung, et al (57>58). Four units of viral 
agglutinin were employed in all tests and a 0.5 per cent suspen¬ 
sion of guinea pig erythrocytes was used as the indicator system. 
Non-specific serum inhibitors were removed with 25 per cent 
kaolin treatment. 
Complement-fixation (CF) tests were performed against adeno¬ 
virus, reovirus, and respiratory syncytial virus by overnight fix¬ 
ation at U°C using two full units of complement (100 per cent 
hemolysis). CF antigens for adenovirus and reovirus were prepared 
in the laboratory; respiratory syncytial virus antigen was obtained 
from a commercial source. Hemolysin sensitized 2 per cent sheep 
erythrocytes was used as the indicator system. 
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RESULTS 
Virus Isolations and Serological Studies 
The results of the virus studies are those obtained from 
the Virus Diagnostic Laboratory over the period from June, 1961, 
through December, 1963. Only those viruses implicated in respir¬ 
atory illnesses were considered, this includes influenza, para- 
influenza, RS, adenovirus and enteroviruses. Of the 297 cases 
with the presumptive daignosis of bronchiolitis, croup or pneu¬ 
monia, U5> cases or 15 per cent yielded either one or two viral 
agents. 
Seasonal Incidence♦ In order to study the frequency of 
respiratory illness as a chief manifestation of a specific viral 
infection, the seasonal incidence of the over-all virus isolation 
rates was plotted in the top graph in Fig. 1. As is shown in 
this graph, the seasonal incidence of the various viral agents 
varied in that the nyxo viruses were most prevalent during the late 
fall and winter seasons whereas the enteroviruses were isolated 
primarily during the summer months and the early fall. Adeno¬ 
virus was isolated only sporadically and did not seem to be associ¬ 
ated with any particular season. The bottom graph in Fig. 1 de¬ 
scribes the seasonal incidence of only those viruses clinically 
associated with respiratory illnesses. It can be seen that the 
clinical cases of respiratory infection with virus isolations 
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followed the seasonal pattern of virus activities, especially the 
rayxovirus group. 
Clinical Syndromes and Virus Recovery. The recovery ratio 
of viral agents according to clinical syndromes is shown in Fig. 2. 
Although the cases included only those from which clinical speci- 
mens were submitted for viral studies and do not comprise the total 
number of admissions with such diseases, they do represent, never¬ 
theless, the general trend.* Out of 6 k cases of bronchiolitis, 
7 cases were associated with viral agents, or 11 per cent. From 
97 cases of croup, 17 cases yielded positive virus isolations, or 
18 per cent, and from 17 out of 139, or 12 per cent, of cases of 
pneumonia, viral agents were recovered. Fig. 2 also indicates the 
seasonal incidence of each clinical category. All three clinical 
categories were seen most frequently during cold months. The vi¬ 
rus recovery rate, in turn, generally followed the over-all sea¬ 
sonal trend of each clinical category. 
Isolations of Specific Viruses and Bacteria. Table 1 lists 
the percentage of cases in which the various viral agents were 
isolated and the results of the concomitant bacteriological studies. 
In the 29 cases of bronchiolitis, 3 cases yielded parainfluenza 1 
(10.3 per cent) and 3 cases were associated with adenovirus (10.3 
per cent). From 1 case (3.U per cent) RS virus was isolated 
%he percentage of the cases studied in relation to the 
total number of admissions cannot be obtained since the hospital 
statistics are not conplete as yet. In general the cases studied 
in this paper do represent the majority of such cases seen at 
G-NHCH. 
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although two additional cases were diagnosed by serological test. 
Of the 52 cases of croup studied 32.6 per cent yielded parain¬ 
fluenza viruses of which 19.2 per cent was associated with para¬ 
influenza 1, 9.6 per cent with parainfluenza 2, and only 3.8 per 
cent with parainfluenza 3* Pneumonia was associated with a varie¬ 
ty of agents as shown in Table 1* Influenza A2 virus was isolated 
once from a lj.-month-old baby with pneumonia, whereas 5 cases of 
pneumonia (7.5 per cent) were associated with para-1, 1 case with 
para-2 and 2 cases with para-3. Adenoviruses were obtained from 
5 cases. In addition, Coxsackie B (2 Coxsackie and 1 Coxsackie 
B^) and ECHO-22 viruses were also isolated. RS virus was not 
isolated but there was serological indication in that three of the 
pneumonia cases had significant antibody rises. 
Table 1 also lists the isolation of bacterial colonies. 
From the 29 cases of bronchiolitis, 31 per cent yielded pneumo¬ 
cocci. The significance of this is not known since no controls 
were studied. Croup cases yielded 21.2 per cent pneumococci, 1.9 
per cent staphlococci and 7.7 per cent H. influenza type B. Simi¬ 
lar per cent of bacteria findings were obtained with pneumonia 
cases except that the incidence of H. influenza type B was low. 
No pathogens, viral or bacterial, were isolated from U5 per cent 
of bronchiolitis cases, 36.5 per cent of croup cases and 31.2 per 
cent of pneumonia cases. 
In certain instances patients yielded more than one agent 
either with bacteria or with viruses as noted in Table 2. 
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1. Dual infections with two viral agents. 
One case of pneumonia in a two-month-old infant yielded 
both parainfluenza virus type 2 and an adenovirus. The patient 
had right upper and middle lobe pneumonia which responded well to 
symptomatic treatment without the use of antibiotics. In addi¬ 
tion, three cases of pneumonia with parainfluenza virus isolation 
also showed a significant antibody rise against RS virus. A con¬ 
current inf ection of parainfluenza and RS viruses cannot be ex¬ 
cluded. 
20 Virus and Bacteria. 
From one case of bronchiolitis infected with para-1 virus 
and 1 case of bronchiolitis with adenovirus infection, pneumococci 
were recovered. Two cases of croup with para-1 isolation also 
grew out pneumococci. Three out of 5 pneumonia cases with para-1 
isolation, as well as 1 case with para-3 infection, yielded pneumo¬ 
cocci. In addition 1 case of pneumonia with adenovirus isolation 
and 2 cases of pneumonia with Coxsackie B isolation were also in¬ 
fected with pneumococci. One case of influenza pneumonia and 
1 case with para-3 pneumonia yielded pseudomonas. Both of the 
latter two cases were associated with other underlying diseases 
such as congenital heart disease and cystic fibrosis. 
Antibody Response. Antibody studies were done in 10 cases 
with virus isolations and in 1? cases from whom no viruses were 
isolated. Table 3 indicates antibody responses against various 
agents. In those cases where no viral agents were isolated, there 
was no rise to any of the parainfluenza group. There were some 
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heterologous antibody responses against the parainfluenza group 
in the group with parainfluenza isolation* Both groups, the ones 
with virus isolations and the ones without virus isolations showed 
no detectable antibody rises to adenovirus or reoviruses. In fact, 
there were no measurable antibodies against reoviruses in any of 
the 27 cases tested. According to the results of antibody studies, 
the active viral agents during the period of this study were the 
parainfluenza group and RS virus. It is noteworthy that of the 
10 cases yielding a parainfluenza virus, 3 also showed antibody 
rises to RS virus. The possibility of simultaneous infections with 
parainfluenza and RS viruses cannot be positively ruled out* Fif¬ 
teen per cent of the cases without virus isolation showed greater 
than a four-fold rise to RS but no rise to the other viruses 
tested. 
Clinical Observations 
Bronchiolitis. Various clinical signs and symptoms are tabu¬ 
lated in Table I4. As the table indicates, the onset of bronchioli¬ 
tis was with symptoms referable to the upper respiratory system 
such as rhinorrhea, coryza or cough, followed by signs of lower re¬ 
spiratory tract involvement. In studying the clinical manifesta¬ 
tions, the cases were divided into 2 groups, 1 group with virus iso¬ 
lations and the other without virus isolations. Since the case num¬ 
bers were not large enough for a statistical evaluation, one can 
only make gross observations. On the whole, there were no noticeably 
consistent differences between the symptomatology of the two groups. 
For bronchiolitis, the most common symptoms were fever, rhinorrhea, 
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cough and respiratory difficulty® Gastrointestinal disturbances 
such as vomiting and diarrhea were present in the majority of the 
cases of bronchiolitis. 
Croup. The onset for croup was abrupt with the mean of 1 
day of symptoms before admission. The initial symptoms consisted 
of hoarseness, stridor, cough or barking cough fever, rhinorrhea 
and respiratory difficulty (Table 5). Gastrointestinal disturb¬ 
ances were not as prominent as in bronchiolitis cases. The cases 
of croup from whom Hemophilus influenza type B was isolated gener¬ 
ally began with "sore throat." Symptoms of fever, stridor, croupy 
cough and respiratory distress rapidly developed, so that on ad¬ 
mission, the children had marked respiratory distress. All chil¬ 
dren with H influenza type B croup were "toxic” in appearance at 
the time of admission. The other findings' included erythema of 
the epiglottis, cervical adenopathy, injection of tympanic mem¬ 
branes. Tracheotomy was performed in 6 per cent of cases with vi¬ 
rus isolation and lh pa1 cent of the cases without virus isolation. 
All the cases with H influenza type B infection had tracheotomy 
performed immediately after admission. 
Pneumonia. The initial symptoms of pneumonia included rhinor¬ 
rhea, cough, fever, conjunctivitis and respiratory distress (Table 6). 
These began 3-U days before admission. Approximately £0 per cent 
or more of the children hospitalized developed fever and vomiting 
was often seen as accompaniment with fever. At admission, respira¬ 
tory distress, nasal discharge, pharyngeal erythema, dullness to 
percussion and auscultatory findings were most often seen in these 
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children with pneumonia. In one case from whom virus was isolated, 
meningism was present and 3 children had splenomegaly. 
Age Distribution. Fig. 3 indicates the age distribution 
according to the clinical categories. The shaded space indicates 
virus isolations in each age group. It can be seen that bronchio¬ 
litis is primarily a disease of infancy and, therefore, the tallest 
bar is for the age group of less than 1 year. All cases of croup 
fall under 1± years of age. Pneumonia again has a highest incidence 
of attack among infants under 1 year of age. The virus isolation 
rate follows a similar age distribution. 
Comparison of Clinical Findings in Virus Positive and Virus 
Negative Cases. As shown in tables U, 5, and 6 the clinical symp¬ 
toms and signs are generally similar and whatever differences may 
exist superficially, one cannot draw a statistically significant 
conclusion. Table 7 summarizes some of the clinical findings that 
were obtained from cases with and without virus isolation. The 
incidence of each syndrome according to sex is notable in that 
there was no difference between the male to female ratio in the 
groups with positive virus isolations and those groups without vi¬ 
rus isolation. For bronchiolitis, the male bo female ratio was k‘*3 
in the group with virus isolation, and U-3s3 in the group without 
virus isolation. For croup, the male to female ratio (M:F) was 
2.U:1 with virus isolations, and 2.3:1 without virus isolation. 
Pneumonia had 1:1 of M:F in both groups. There was some variation 
in days of onset and days of hospitalization for each clinical 
category of disease but insignificant differences were obtained in 
Jo 
. . # ni 1 
. 3 " o in.e '■ 
•V' ■ • 
- ■■ ■ 3 9 cry o . " th " • os 
o' ©eld’ c. io": ■ . • «J o c lo >8 : g X'Jc sffi : ai ' i1 
. 6 .. ! % B &£:.j ncl 3cf 
■ V.o a'lsav .u . !’ •Vt 
Coax acrcrv - ' ' ' . ' > . . • 
}:f■: ■ ■:r:: lu.'a x a xoll I moyx 
3 ■ •" fj .s x .j j 3 «; I 3 ' ' 
- J ' 0 f) ■’ 5 t ■. . 3 o „ "V. :1' • 
0 : ' *X£iC .' 1 II ■ ; ■ . :s ' ai j 
• I.bo ccrai t la . /. • •, ; o fflt • ' ' a 
.. j’7 hi J ' ; : - ' 5 
j-edi ntx sldB-i si xea : i » Lfc vx >oa cioni a ; ' 1c : if to ' 
j- •';f ■/ .■■■ j.7 ■ $ ij S fcfr »€ 0 'I V- L ' 3 ■ • O' ’o’- 
~~ V o f .i 0 j / 0 o 'll j 3f IC . :?r . v i.d'.; soq rf.±r : o: 
>Xa »- >. I c •• j - - ■ . ■ 
f - civ ( c*x s I ' s tm cn at 
( : ) i ; i 1 5 9' d ©la > t •: . a " . 
. . : . 
tjK.r . d [T . ’ : : 
Boi r.Io iri i . \ Cs.j'.c f'ri io a ) ob J’ssrto @ . ' 
■ ' , i ■ ; ' go ■ :t fa so: . car iwcf ssssaxi tc ioj i o 
25 
the two groups with or vdthour virus isolations. The WBC counts 
were variable and the median WBC of each group in the respective 
clinical categories was on the whole similar to one another. 
Approximately 50 per cent of all the cases of bronchioli¬ 
tis, croup or pneumonia bad a recent history of upper respiratory 
infection among the family members. There were no consistently 
appreciable differences in the occurrence of the concomitant fami¬ 
ly illness to distinguish between the group with virus isolations 
and the group without virus isolations. 
Almost 29 per cent of croup cases with virus isolation had 
a positive family history for croup. Frequently mothers had had 
croup in their childhood and the siblings of the patients had 
previous attacks of croup. In the cases of croup without virus 
isolation 11; per cent gave a positive family history, only half 
the incidence in comparison with the group from whom virus was 
isolated. Twelve per cent of the children with croup from whom 
virus was isolated had previous attacks of croup, and 23 per cent 
of these without virus isolations had croup in the past. 
It is interesting to note that the allergic history is con¬ 
sistently greater in those groups where no viruses were isolated 
than anong those with positive virus isolations. Of the 29 pa¬ 
tients with bronchiolitis with virus isolation studied, lU per 
cent had positive allergic history* whereas 27 per cent without 
Allergic history here includes personal as well as fami¬ 
ly history of asthma, hay fever or urticaria. 
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virus isolations had allergic history. But in the croup cases 
only 6 per cent had allergic history in the group with virus iso¬ 
lation and 17 per cent in the group without virus isolation. The 
incidence was 0 and 22 per cent in the cases of pneumonia with and 
without virus isolation respectively. 
The underlying diseases included lb per cent congenital heart 
disease for those cases of bronchiolitis with virus isolation and 
9 per cent of asthma among those from whom no virus had been isola¬ 
ted. No underlying disease was associated with croup cases. The 
most frequently encountered underlying diseases among those chil¬ 
dren with pneumonia included 19 per cent congenital heart disease 
in the group with virus isolation and 6 per cent in the group with¬ 
out virus isolation. Cystic fibrosis was seen in 6 per cent of 
the group with virus isolation and b per cent in the group without 
virus isolation. In the group without virus isolation 8 per cent 
of the children had asthma. 
Mortality for the bronchiolitis group with positive isolation 
was an astonishing lb per cent but this might have been due to the 
fact that all these patients had congenital heart disease and were 
in cardiac failure when they entered the hospital. There was no 
mortality among the children hospitalized with croup. There was 
no mortality in the cases of pneumonia associated with viral agents 
and b per cent mortality in those without virus isolation. However, 
all of the latter cases had other underlying diseases such as con¬ 
genital heart disease or glioma. 
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DISCUSSION 
The number of cases in this investigation is not large 
enough to attempt to differentiate between symptoms and signs ac¬ 
cording to different viral agents. Rabe categorized three sepa¬ 
rate etiologic agents for infectious croup based on distinctive 
clinical features as well as bacteriologic studies (92-91+)• In 
the present study grossly there does not appear to be any dif¬ 
ference in the clinical symptomatology among different viral 
agents. A similar observation was reported by Parrott on the 
clinical features of infection with hemadsorption viruses (89). 
The patterns of distribution of various symptoms and clini 
cal signs in each subgroup of the clinical syndromes, i.e., with 
virus isolations and without virus isolations, as shown in Tables 
U, 5, 6, did not show any consistent difference. In general, 
they were quite similar to each other within each clinical cate¬ 
gory subdivided. 
The admission WBC counts were extremely variable both in 
the groups with virus isolations and in "those without virus isola 
tions. However, the median figure generally tended to be higher 
in the groups without virus isolations. One exception was in 
bronchiolitis where the median WBC was higher in the group with 
virus isolations. Since leucocytcsis has been traditionally im¬ 
plicated with bacterial illness, the incidence of bacterial 
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infections in the virus negative groups was investigated. If one 
looks at the isolation rates of bacterial colonies in the three 
clinical categories, they do not differ significantly except for 
H* influenza type B, -which occurred in a higher frequency in croup. 
Obviously, TOC responses in young children are extremely variable 
and cannot be relied upon in differentiating between bacterial 
and non-bacterial infections. 
The role of bacteria in respiratory diseases is often ques¬ 
tioned in light of the confusion arising from the definition of 
"normal” flora of the respiratory tract. In adults, one may gener¬ 
ally define the bacterial etiology by the TOC response and the dif¬ 
ferential count as well as the sputum culture for bacteria, in 
addition to a typical clinical picture pointing toward an acute 
bacterial infection. In infants and young children, the role of 
bacteria is sometimes less evident in the absence of such clear- 
cut clinical manifestations. In addition, viral agents seem to 
play a more prominent role in the respiratory illnesses of early 
childhood as shown by Rabe in his study where 86 per cent of infec¬ 
tious croup was due to "viral” agent or agents (92). Hartmann’s 
series revealed 92 per cent of infectious croup of non-bacterial 
origin (U7)• After reviewing routine cultures of the rhinopharynx 
in 1,350 children, Rabe noted that "even the most extensive form 
of the disease is little influenced ’ey the rhinopharyngeal flora 
but instead is dependent upon the primary etiologic agent plus con¬ 
stitutional factors such as age, size of the larynx, duration of 













• : c ' ■ • c 
: f ' . 
. _ t - - C . 
. . - •' 
• ■ -I ■ f i ■ . ' c si ■ :■ cn arIT 
' 
Y& . . . - 
.. • C 9i ■ ■ • I •• dO 
t . ' ' 29lie . .' : & II 0 1 
: ■■ ; ■: . . i aio leoxaxlo ‘.soJ . . i 
• . ' s - . . " G 
- • . 20B. ©lie ■ i ■ bCT9 320 . ■ Si 0 
, . c o o.;o 
>9 x< .. . . lIIX • • <. - i •:r ■ £ ■■ i i ciq o'jaXt e -rrJ.q 
j ■ . y yf tz i ixi .. ' .. . :±xio 
.(5 - 
- - . r„.ao i-oo-o*'rd: ‘.t. j.i/o 'is . 
o • 
/*• (*' : ' < V. j r . . - t/C .. . ki -j * 
3 i\te /. ’ J- v ft sds- , ■ : • ■ 
v r i h" • n ‘ i/X li ' 1 
. ' • v i: '■ ' ioqi ; 
* c i ■ ■ 
r ., . — 
■ 3 ., i: 1 o 
29 
children seems to be mainly viruses, the possibility of virus plus 
bacteria cannot be positively ruled out. Eichenwald postulated 
an attractive theory of synergism between virus and bacteria (3kj 
36). This speculation, however, needs to be studied further be¬ 
fore any conclusion can be drawn. 
In discussing the etiology of respiratory infections, it 
may be unrealistic to do so by different clinical categories since 
the respiratory tract is a continuous system. The fact that an 
agent causes croup rather than bronchiolitis may not be entirely 
due to the particular pathogenicity of the primary causative agent. 
It must, in part, be due to the combination of the invasive quali¬ 
ty of the pathogens involved and the host’s response to it. In 
the frantic search for the villain organisms, the host factors are 
often forgotten. In viral infections, one of the most important 
host factors is, of course, the individual’s immunological status. 
Chanock and Parrott have observed that first infection with para¬ 
influenza and RS viruses presumably in an ” immunologic ally virgin 
individual” is accompanied by a more severe illness than later in¬ 
fection with both of these agents — 30 per cent of the children 
undergoing first infection with these agents will have some form 
of lower tract illness (21). 
Another host factor which is ill defined at present is the 
individual diathesis for a particular clinical manifestation. For 
instance, there are certain children who will get repeated attacks 
of croup as the primary manifestation of non-bacterial respiratory 
infections regardless of the etiologic agents. In the three 
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clinical categories studied, approximately one third of the chil¬ 
dren with croup had a positive family history for croup and about 
1)| per cent of the cases without virus isolation also had a posi¬ 
tive history for croup, and 12-23 per cent of children with and 
without virus isolation respectively, who were hospitalized with 
croup, had previous attacks. 
The question of allergy has been often raised among clini¬ 
cians when they see a child with repeated attacks of one form of 
respiratory infection or another since these children not infre¬ 
quently later develop asthma or seem to have a higher chance of be¬ 
ing an '’allergic" child. In the present study, the cases from which 
there was no virus isolation generally had a higher incidence of 
positive family history for allergy. Then, whether the clinical 
response in a child with bronchiolitis was an allergic manifesta¬ 
tion rather than a purely infectious process in this group without 
virus isolation is only a speculative question at the moment. Un¬ 
til the basic mechanism of hypersensitivity is more clearly eluci¬ 
dated, this very important aspect of host factors remains unex¬ 
plained. 
From the analysis of the cases studied, it can be noted that 
bronchiolitis cases and pneumonia have the highest frequency in the 
under-one-year age category. Croup was seen primarily in children 
under U years of age although the cases with H- influenza type B 
tended to be somewhat older. 
The incidence by sex is not striking in bronchiolitis or pneu¬ 
monia in that both males and females appear to be equally susceptible. 
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However, for croup, the male to female ratio (M:F) differs in 
that there seems to be a predilection for males in croup. In 
Rabe's study, M:F was 2.3:1 (92) and in Hartmann’s study, it was 
2:1 (1|7)» Berg in his series of 850 cases of croup noted a 
ratio of 2.5:1 (10). A similar ratio was noted in the present 
study. Parrott noted a much higher incidence of 12:1 in favor 
of males (89)* The exact significance of this observation is 
not known at the moment. 
Do the findings in the present study indicate any particu¬ 
lar etiologic association between a particular clinical manifesta¬ 
tion with a certain viral agent or a group of agents? In other 
words, are there such entities as ’’croup viruses’’ or ’’bronchioli¬ 
tis viruses”? And, if this is the case, how do the findings in 
the present study compare with those of the other investigators? 
Seventeen of the patients hospitalized with croup at the G-MHCH 
grew out various types of parainfluenza, particularly para-1. No 
other viral groups were associated with croup although in Parrott’s 
studies, adenovirus, influenza virus and RS virus were all implica¬ 
ted with croup (8?). It may be useful to point out that Rabe’s 
(92) and Hartmann’s studies (k7)» both of which were carried out 
here at the G-NHCH, show a remarkable similarity in the incidence 
of H. influenza type B croup. Rabe’s series had 8.1 per cent H. 
influenza type B croup, Hartmann’s, 8 per cent and the present 
study yielded 7*7 per cent. 
Chanock has implicated RS virus with lower respiratory 
tract disease, notably bronchiolitis (18,22). Unfortunately, in 
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this study there was only 1 case of bronchiolitis associated with 
RS virus isolation, and therefore, no such conclusion can be 
drawn from the present series* However, serological studies in¬ 
dicated several cases infected 'with RS virus either in conjunc¬ 
tion with the parainfluenza virus infection or in the cases where 
no other viral agents were isolated. The cases associated with 
parainfluenza isolations were all pneumonia cases and the cases 
without virus isolation were bronchiolitis cases. It Is possible 
that the serological evidence of infection with RS virus in those 
cases associated with parainfluenza virus isolation could be due 
to concurrent infections with RS virus, which was not detected by 
our routine isolation method. Or, this finding could be due to 
purely an antibody response triggered by the active infection with 
parainfluenza viruses. No antigenic relationship between parain¬ 
fluenza viruses and RS virus has yet been demonstrated. It would 
be of great interest if further studies could elucidate the mecha¬ 
nism of the rise in the antibody titer of RS virus in association 
with an active infection with parainfluenza viruses. At present, 
the most plausible interpretation for this is that the isolation 
techniques were not adequate enough to detect RS virus although it 
may have been active in certain instances. 
Pneumonia seemed to be associated with a wider variety of 
etiologic agents and occasionally was associated with sporadic in¬ 
fection with whatever agent happened to be prevalent at a given 
time, i.e., in summer, one may have pneumonia with the predominant 
enterovirus 
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As shown in Figures 1 and 2, there is a marked seasonal 
trend in illness due to myxoviruses. The peak incidence is in 
the winter. When longitudinal studies are carried out, fluctua¬ 
ting patterns are seen in prevalence of various agents. Thus, 
incidence of respiratory illness due to a particular virus is, in 
part, dependent on the prevalence of such an agent in the communi¬ 
ty at a given time. For instance, Chanock's group (18,22) in 
Washington, D.C., reported a significant association of RS virus 
with lower respiratory tract disease. One cannot make such an 
association based on the viral experiences in New' Haven, since RS 
virus was not the most active agent here during the present study 
period. Wenner (117) and Wulff (119) in their longitudinal 
studies on etiology of respiratory infections observed that para-1 
and -3 were the predominant agents in 1960-61 whereas there was a 
high incidence of RS virus infections associated with pneumonia 
and bronchiolitis the following year (1961-62). McLean was able 
to associate croup with parainfluenza-1 virus in the winters of 
1961 and 1962 becaise Toronto experienced an “epidemic” of para¬ 
influenza infections during that time (82,83). Vargosko and as¬ 
sociates noted that during the epidemic period of Asian influenza 
in Washington, D.C., influenza A was associated with 35 pen cent 
of croup illness as contrasted with no serologic evidence of in¬ 
fluenza infection in the control group, thus suggesting the etio- 
logic association of influenza A virus with croup (110). One 
cannot make such an etiologic association if one were to base the 
findings from the New Haven area since during the period of the 
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present study, only 1 case of influenza has been isolated from 
a case of pneumonia. 
One may conclude, then, by stating that in studying the 
etiology of respiratory infections, without the total perspective 
of the spectrum of the viral agents involved against the back¬ 
ground of epidemiological findings, the results will only be par¬ 
tial and will not give the total answer. 
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SUMMARY 
1. A total of 297 patients, hospitalized from June, 1961, through 
December, 1963* with bronchiolitis, croup or pneumonia, was 
studied. Viral agents were isolated from 11 per cent of bronchio¬ 
litis, from 18 per cent of croup and from 12 per*.cent of pneu¬ 
monia cases. 
2. The seasonal incidence of the viral agents associated with 
the respiratory illness generally followed the seasonal incidence 
of the over-all virus isolations as routinely carried out at the 
Virus Diagnostic Laboratory. 
3« Viruses associated with bronchiolitis were parainfluenza, 
adenovirus, and RS virus. Croup was associated with all three 
types of parainfluenza but most frequently with para-1. Pneu¬ 
monia was associated with para-1, 2, and 3> adenovirus, Coxsackie 
B-h and$-5 as well as Echo-22; RS virus was detected in certain 
cases of pneumonia only by serologic evidence. 
U. No significant difference was observed in the clinical ex¬ 
pressions of respiratory infections with various viral agents. 
5. Virus positive and virus negative groups were compared. The 
incidence of allergic history was consistently higher in the vi¬ 
rus negative groups, but no other significant differences were 
observed 
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Seasonal Pattern of the Over-All Viral Activities 
and of Those Associated With Respiratory Illness 
MYXOVIRUS o--o ENTEROVIRUS X-X ADENOVIRUS 
Figure 1 
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1961 1962 1963 
■ CASES £ VIRUS STUDIES 
0 = ADENOVIRUS 
E3 * COXSACKIE VIRUS B4.B5 
([[[I) = ECHO VIRUS TYPE 22 
O CASES c VIRUS ISOLATIONS 
□H * influenza virus a2 
023 = PARAINFLUENZA VIRUS 
TYPES 1,2,3 
[rsI - RESPIRATORY 
SYNCYTIAL VIRUS 
Figure 2 
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<5 3-X 
A„e Distribution of Illness According to 
Clinical Syndromes 
AGE IN YEARS 
□ % TOTAL NO OF CASES 
□ % c VIRUS ISOLATIONS 
Figure 3 
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TABLE L 
Isolations of Viral and Bacterial Agents from Cases of 
Bronchiolitis, Croup and Pneumonia 
Per Cent of Isolations 






Influenza A0 1.5 
Parainflu-1 10,3 19.2 7.5 
Parainflu-2 - 9.6 1.5 
Parainflu-3 - 3.8 3.0 
RS* 3.4 -> 
Adeno- 10.3 ~ 7.5 
Coxsackie B - ■» )u5 
Echo-22 - 1.5 
H, Influ, B -* 7.7 1.5 
Staphylococci 1.9 k6 
Pneumococci 31.0 21.0 35.8 
No Pathogens 16. o 36.6 31.2 
Number in ( ) indicates total number of cases studied. 
Two additional cases of bronchiolitis and three cases 
of pneumonia were diagnosed as RS virus infections by 
serological test. These were not included in the total per 
cent. 
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Influenza A^ - - 1 
Parainfluenza-1 3 (1*) 10 (2-x-) 5 (3*) (2t) 
Parainfluenza-2 - 1 (With adeno. 
See below) 
Parainfluenza-3 - 2 2 (1*) (it) 
RS 1 - - 
Adenovirus 3 (1*) — 5 (1*) (1 with 
para-2. See 
above) 
Coxsackie B - - 3 (2*) 
Echo-22 - - 1 
Total 7 17 17 
Numbers in ( ) indicate cases of dual infection with bacteria 
or virus. 
‘ - Pneumococci isolated concurrently from nose and/or throat 
swabs. 
| - A greater than ip-fold antibody rise to RS virus. 
u 
. I, r — 
o : >‘i 
• J~ « 
3S;;Sj 3 3 SB 
‘(■T j\6j 
_ - „A .a£nexrI?Ji] 
2) !■■■:?) (---V. 01 (•;*!) £ I~ 37, fI 
r * '■ r - 9-BSneI'A'Ii.£'■‘1 
: (,/'; o - £-^siieir Jfr al:jBT&4 
„ I ?Si 
. r't £ amivc-nsi)A 
. -o 
- - ■ • 
.[BFjj :c i ifca{ ) ai s*t - 
. 3 •• r ' 
9ffl - 
1-jJ _ o> 
TABLE III 
Antibody Response in Children With and Without Virus Isolation 
Numbers with Four-Fold or Greater 
Antibody Rises 
Serological Cases with Cases without 


















Para - 1 
Para - 2 
























One case showed homologous rise. The other case showed 
heterogous rise with para-3 isolation. 
One case showed heterogous rise with para-1 isolation. The 
remaining 2 cases were homologous rise. 
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TABLE IV 
Comparison of Virus Positive and Virus Negative Cases 
of Bronchiolitis (29)'' 
Per Cent Showing Clinical Findings 
Clinical Findings Virus Positive Cases without 
Cases (?) Virus Isola- 
tions (22) 
1. Initial Symptoms 
Rhinorrhea 29 27 
•’Cold” or coryza Hi 27 
Cough 86 50 
Fever Hi 32 
2. Findings at Admission 
g Cough Hi U5 
Jj Gastrointestinal complaints 71 73 
§* Respiratory distress 100 77 
Nasal erythema or discharge U3 36 
Pharyngeal erythema U3 59 
Jj3 Cervical adenopathy 29 5 
w TM erythema 29 0 
Rales or rhonchi 72 U5 
h 438°C (Rectal) 86 66 
« g 38° - 39° Hi 19 
§ £ 39°“ h0° 
E-i 
0 Hi 
410,000 0 32 
10,000-15,000 71 5U 
g 15,000-20,000 29 Hi 
20,000-25,000 0 0 
^25,000 0 0 
3. Duration of Fever (Days) 
1-2 29 36 
3 - h Hi 5 
>5 0 0 
lu Bacteriology 
Pneumococci 28.6 ho.9 
H. Influenza B. - - 
Staphylococci ** cm* 
Numbers in ( ) indicate total cases studied. 
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Comparison of Virus Positive and Virus Negative Cases 
of Croup (52)* 
Per Cent Showing Clinical Bindings 
With Without 
Clinical Findings Virus Isola- Virus Isola¬ 
tions (17) tions (35) 
1. Initial Symptoms 
Rhinorrhea 12 23 
Hoarseness or stridor 18 6 
Barking cough 25 6 
Cough. 31 26 
Fever 25 17 
2. Findings at Admission 
Croupy sounds 63 k9 
Respiratory distress 81 5U 
Gastrointestinal complaints 6 26 
Pharyngeal erythema 69 60 
Epiglottis erythema 12 26 
Cervical adenopathy 12 20 
TM erythema 25 13 
Rales or rhonchi 12 26 
Z. 38°C (Rectal) 13 3h 
38° - 390 
31 29 
§ 39°~ k0° 31 3k 
43 >U0° 25 3 
c10,000 50 26 
10,000-15,000 37 37 
15,000-20,000 13 17 
20,000-25,000 0 11 
>25,000 0 9 
Duration of Fever (Days) 
1-2 56 53 
3 - h 38 10 
5 6 3 
Bacteriology 
Pneumococci 11.8 31.U 
H. Influenza B - 11.U 
Staphylococci - 2.9 
Tracheotomy 6 1h 
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Comparison of Virus Positive and Virus Negative Cases 
of Pneumonia (67)* 
Per Cent Showing Clinical Bindings 
With Without 
Clinical Findings Virus Isola- Virus Isola¬ 







Rhinorrhea 19 22 
URI or coryza 25 10 
Cough 19 L.6 
Conjunctivitis 19 10 
Fever 56 20 
Findings at Admission 
Cough 38 36 
Gastrointestinal complaints 81 58 
Respiratory distress 38 6U 
Nasal erythema or discharge 38 hh 
TM erythema 6 20 
Pharyngeal erythema hh h2 
Cervical adenopathy 6 ho 
Dullness or B.S. 38 2l,i 
Rales, rhonchi or wheezes 81 66 
Splenomegaly 12 0 
£ 38°c (Rectal) 50 26 
„ 3B° - 39° 12 38 
£ 39° - h0° 25 22 
+5 >uo° 13 ih 
4 10,000 50 20 
10,000-15,000 12 3h 
15,000-20,000 19 22 
20,000-25,000 7 16 
>25,000 12 8 
Duration of Fever (Days) 
1-2 hh 6h 
3 - k 19 11 
^ 5 6 2 
Bacteriology 
Pneumococci La. 2 U8 
H. Influenza B - 2 
Staphylococci - 6 
See Table IV. 
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TABLE VII 
h.6 
Summary of Some of the Clinical Findings in Patients 
. with Respect to Virus Isolation 
Clinical Syndromes 
Bronchiolitis (29) Croup (52) Pneumonia (67) 
with without with without with without 
virus virus virus virus virus virus 
Clinical iso la- isola- isola- isola- isola- isola- 
Findings tion tion tion tion tion tion 
(7) (22) (17) (3?) (17) (50) 
Age'" k mos. 3.5 mos. 1 year 2 years 8 mos. 1 year 
Sex 
(MsF) hl3 it.3:3 2.U:1 2.3:1 1.1:1 1:1.1 
Onset 
(days) 5 3 1 1 3 h 
WBC* 13,050 11,725 9,725 11,200 9,700 11,850 
Hospi¬ 
talization 
(days ) 9 h 3 3 h.5 5 
Mortality'""* 
(%) lh 0 0 0 0 h 
Family his¬ 
tory with 
URI {%) 52 68 75 57 37 ho 
Family with 
croup — 29 D4 
Previous 
history with 
croup 12 23 
Allergy his¬ 
tory (%) ik 27 6 17 0 22 
Associated 
disease {%) 
Asthma 0 9 0 8 
CHD lU 0 19 6 
Cystic 
fibrosis 0 0 
None 
6 k 
Neoplastic 0 0 0 2 
Median value 
Cases which had associated disease such as GHD or glioma 
Numbers in ( ) indicate total cases studied. 
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